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METHOD FOR PREPARING LOW DIELECTRIC FILMS 



FIELD OF THE INVENTION 



5 The present invention relates to an improved plasma chemical vapor 
deposition (CVD) method for prq)aring a low dielectric constant hydrogenated 
silicon-oxycaibide (SiCO Jf) mm. 

BACKGROUND OF THE INVENTION 



10 



With ever decreasing size of electronic devices utilized in ULSI 
(ultra-large-scale integrated) circuits, there has emerged the problem of 
increased capacitance of inti^ayers and/or interlayers, causing signal delays. 
Therefore, there has been a need to develop a low dielectric constant (k) 
15 material having a k-value lower than that of the conventional siUcon dioxide 
(Si02) or fluorinated silicon oxide (SiOF). 

US PatMit No. 6,147,009 discloses a low dielectric constant material 
produced by reacting tiie vapor of a precursor containing atoms of Si, C, O and 
H in a paraUel plate plasma enhanced chemical vapor deposition chamber, the 
20 precursor being a molecule with a ring structure such ' as 
13A7-tetramethyicyclotetrasiloxaneCIMCTS, C4Hi604Si4), 
tetraethylcyclotetrasiloxane(C8H2404Si4) ^ 
decamethylcyclopentasiloxaneCCioHaoOsSis), with or without added oxygen. 
However, the dielectric constant of the disclosed fflm is stiU high, in the range 
25 of 3.3 to 4.0. To further reduce the dielectric constant of the material 
described in the patent, US Patent No. 6,312,793 proposes a low k material 
consisting of two or more phases. However, tiie multi-phase material still 
has a k-value of more than 3.2. 

Accordingly, the present inventors have endeavor^ to develop a novel 
30 material having a dielectric constant lower than those of conventional 
materials. 



SUMMARY OF THE TNVKNTTON 



35 



It is, therefore, an object of the present invention to provide a metiiod 
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for preparing an improved low dielectric constant hydrogenated 
silicon-oxycarbide (SiCO:H) film using a chemical vapor deposition (CVD) 
technique. 

It is another object of tiie present invention to provide a SiCOH fihn 
5 having a dielectric constant (k) lower than those of conv^tional low dielectric 
materials. 

In accordance with one aspect of the present invention, there is provided 
a method for preparing a low dielectric constant hydrogenated 
silicon-oxycaibide (SiCX):H) film which comprises conducting ch^cal vapor 

10 deposition using, together with an 02-containing gas plasma, an organosilicon 
or oiganosilicate compound having at least one vinyl or ethinyl group, or a 
mixture of a saturated oiganosilicon or organosilicate conq)ound and an 
unsaturated hydrocaiton. 

In accordance with anotiier aspect of the present mvention, there is 

15 provided a low dielectric constant SiCOH thin film having a dielectric constant 
(k) of 2.6 or below, prepared by said method. 

BRIEF DESCRIFnON OF THE DRAWINGS 

20 The above and other objects and features of tiie present invention wiU 

become apparent &om the following description thereof, y/ben taken in 

conjunction with the accompanymg drawings which respectively show: 

FIGS, la and lb: schematic diagrams of the plasma reactor used in 

fonning a Ihin film in accordance wilh the inesent invention; 
25 FIG. 2: variations in carbon contents of the film obtained in Example 1 

of the present invention with Ch/VTMS flow ratio, respectivelj^ 

FIG. 3: variations in dielectric constants of the films obtained in 

Example 1 and Conq)arative Example 1 of Ihe present invention with 

Ot/YTMS and O2/4MS flow ratio, respectively; 
30 FIGS. 4 and 5: changes in the dielectric constant of the fihn obtained in 

Example 1 as fimction of anneaUng temperature and annealing time, 

respectively; 

FIGS. 6 and 7: variations in carbon contents and dielectric constants of 
the fihn obtained in Example 2 of the present invention with 02/(4MS+C2F4) 
35 flow ratio, respectively; 

FIGS. 8 and 9: changes in the dielectric constant of the fihn obtained in 
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Example 2 as function of annealing temperature and annealing time 
respectively; ' 

FIG. 10: variations in carbon contents of the film obtained in Example 3 
of the present invention with O2/TVIMCTSO flow ratio, respectively; 
5 FIG. 11; variations in dielectric constants of flie fihns obtained in 
Example 3 and Comparative Example 2 of tiie present invention with 
O2/TVTMCTSO and O2/TMCTSO flow ratio, respectively; 

FIGS. 12 and 13: changes in the dielectric constant of flie fflm obtained 
m Exanq)le 3 as function of anneahng ten^erature and annealing time 
10 respectively; * 

FIGS. 14 and 15: variations in carbon contents and dielectric constants 
of tiie fihn obtained in EKamph 4 of the presort invention witii 
02/(TMCTSO+C2H4) flow ratio, lespectivelj^ 

FIGS. 16 and 17: changes in the dielectric conslant of the fflm obtained 
15 m Example 4 as function of annealing ten5)eratnre and annealing time 
respectively; ' 

FIGS. 18 and 19: variations in carbon contents and dielectric constants 
of the fUm obtained in Example 5 of the present invention with O2/DADMS 
flow ratio, respectively; 

20 FIGS. 20 and 21: changes in the dielectric constant of the fihn obtained 
in Example 5 as function of annealmg ten?)etature and annealing time 
respectively; ' 

FIGS. 22 and 23: variations in carbon contraits and dielectric constants 
of the fihn obtained in Example 6 of the present mvention with O2/DVTMDSO 
25 flow ratio, respectivel}^ 

nGS. 24 and 25: changes in the dielectric constant of tiie fihn obtained 
in Example 6 as fimction of annealing temperatare and annealing time 
respectivel)^ ' 

FIGS. 26 and 27: variations in carbon contents and dielectric constants 
30 of the fihn obtamed in Example 7 of the present mvention with 02AaM0S 
flow ratio, respectivelj^ 

FIGS. 28 and 29: changes m the dielectric constant of tiie fihn obtained 
in Example 7 as function of annealmg ten5)erature and anneahng time, 
respectivel3r, 

35 FIGS. 30 and 31: variations in cariwn contmts and dielectric constants 
of flie fihn obtained m Example 8 of tiie present mvention with O2/ETMS flow 
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ratio, respectively; 

FIGS. 32 and 33: changes in the dielectric constant of the film obtained 
in Example 8 as function of anneahng temperature and annealing time, 
respectiyely; 

5 FIGS. 34 and 35: variations in carbon contents and dielectric constants 

of the fihns obtained in Example 9 of the present invention with 
02/(HMDSO+C2H4) flow ratio, respectively; and 

FIGS. 36 and 37: changes in the dielectric constant of the film obtained 
in Exanq>le 9 as function of annealing temperature and annealing time, 
10 respectively. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method for preparing a low dielectric 

15 constant hydrogenated silicon-oxycarbide (SiCX):H) film by way of conducting 
chemical v^or deposition using, togetiier with an 02-contaimng gas plasma, 
an oiganosilicon or organosilicate compound having at least one vinyl or 
ethinyl groiip, or a mixture of a saturated oiganosilicon or organosilicate 
conq)ound and an unsaturated hydrocarbon. 

20 hi accordance with die present invention, the process for forming a low 
dielectric constant SiCOH film may be conducted using a plasma CVD 
apparataSf e.g., a remote plasma CVD or a direct plasma CVD apparatus. 

The remote plasma CVD apparatus shown in FIG. la comprises a 
quartz tube(6), an antenna(9), a matching box(5), a high-fiequency electric 

25 power soi]rce(10), a mass flow controller(7) for feeding a silicon precursor, a 
precursor container(2), and a mass flow controller(8) for feeding a reactive 
gas. The antenna is wound around the outer periphery of the quartz tube(6), 
to thereby connect the antenna(9) and the matching box(5), which is 
connected to the high-frequency electric power source(lO). The quartz 

30 tube(6) is connected to the mass flow controller(8) for feeding an 
02-containing gas via a tube. In the remote plasma CVD apparatus, the 
02-containing gas and the silicon precursor are fed to the matching box(5) 
separately, the precursor being led flirough a diffiision ring(3). Further, in the 
direct plasma CVD apparatus shown in FIG. lb, the siHcon precursor fed from 

35 the precursor container(2) and the Oa-containing gas fed fi-om a reactive gas 
containeF(l) are mixed, and th^ supphed to the matching box(5). 
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In accordance with a prefeired embodiment of the present invention, 
there is provided a method for preparing a low dielectric constant SiCOH 
material, which conqirises conducting chemical vapor deposition using an 
misaturated organosilicon or organosilicate con?)ound having at least one vinyl 
5 or etiainyl group and an 02-containing gas plasma. 

Representative examples of tiie unsaturated organosilicon or 
oiganosiHcate conq)ound having at least one vinyl or ethinyl groiq) inchide 
vinyltrimetiiylsilane, vinyltrielhylsilane, vinyltrimetiioxylsilane 
vmyltiethoxylsilane, l,3,5-trivinyl-U,5-trimefliylcyclotrisiloxane,' 
10 l,3,5,7-tetravinyH,3,5,7-tetrameth3dcycIotetrasiloxane, 

1,3-divinyltelramethyldisiloxane, hexavinyldisiloxane, allyldunethylsilane, 
aUyldimefhoxysilane, ethinyltrimetltylsilane. ethinyltriethyisilane and J 
mixture thereof 

The unsaturated organosilicon or oiganosiKcate conqwund may be 
15 generated in situ, using an oiganosilicon or organosilicate having one or riiore 
halogen substituents. 

In another preferred anbodiment of the present invention, fliere is 
provided a method for preparing a low dielectric constant SiCOH material, 
which conqoises conducting chemical v^r dqwsition using a mixture of a 

20 saturated organosilioon or oiganosiHcate can5)ound and an unsaturated 
hydrocarbon wifli an Orcontaining gas plasma. The mixing ratio of tiie 
saturated oiganosiHcon or organosilicate compound and the unsaturated 
hydrocarbon is preferably in flie range fix>m 1:0.1 to 1:10. If the mixing ratio 
is less than 0. 1 , tiie dielectric constant of the fOm becomes too high, while flie 

25 physical properties of tiie fihn become unsatisfectory if tiie ratio is above 10. 

In tiie above embodiment, tiie saturated organosiHcon or organosilicate 
compound, or tiie unsaturated hydrocarbon m^ have one or more halogen 
substituents. 

RqpresQitative examples of tiie saturated oiganosiKcon or organosiUcate 
30 compound inchide trimefliylsilane, trietiiylsilane, trimetiioxysilane, 
tiieflioxysilane, tetramefliylsilane, tetraetiiylsilane, tetrametiioxysilane,' 
tetraeflioxysilane, hexametiiylcyclotrisiloxane, tetrametiiylcyclotetr^siloxane' 
tetraetiiylcycloteHasiloxane, octametiiylcycloteti^siloxane! 
hexametiiyldisiloxane, bistrimetiiylsilyhnetiiane and a mixtiire tiiereof 

35 Representative examples of tiie unsaturated hydrocarbon are H2(>CH2 
F2OCF2, H2C=CF2, HFG=CFH, F2C=G=GF2, H2OOCF2, HFCKxW 
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HC CH, FC CH, FC CF, cijC-CCla, H2C=CCl2, HCIOCCIH, 
Cl2C=C=CCl2, H2C=C=CCl2, HC1C=G=CC1H, CIC CH, CIC CCl, 
Br2C=CBr2, H2C=CBr2, HBrC=CBrH, Br2C=C=CBr2, H2C=C=CBr2, 
HBrC=C=CBrH, BrC CH, BrC CBr, I2C=CI2, H2C=Cl2, HIC=CIH, 
5 I2C=C=CI2, H2C=C=Cl2, HIC=C=CIH, IC CH and IC Q; and preferred is 
H2C=CH2orF2C=CF2. 

The 02-containmg gas which may he used in the present invention is 
selected from the group consisting of O2, N2O, O3, H2O2, CO2, H2O and a 
mixture thereof 

10 The method of the present invention may fiirther comprise the step of 

annealing the deposited film, which may he carried out at a temperature 
i^ging fix>m 100 to 800^C for a period ranging from 0.5 to 8 hrs, preferably at 
450''C for 1 hr, to obtain a thermalfy stable low dielectric constant SiCOH film. 
The annealing step may also inchide a rapid-thermal processing, which may 

15 be conducted at a temperature ranging fix>m 100 to 900°C for about 1 minute 
and a spike-heating step performed for 10 seconds. 

Such low dielectric constant SiCOH material prepared in accordance 
with the method of the present invention has a dielectric constant (k) of 2.8 or 
below; and, further, the thermally stable SiCX)H film formed after annealing 

20 has an exceptionally low dielectric constant (k) in the range of 1.6 to 2.6, the 
dielectric constant (}0 bdng controUable by adjusting the process variables. 

The present invention is further described and illustrated in Examples 
provided below, which are, however, not intended to limit the scope of the 
presoit invention. 

25 

Example 1 

A SiCOH film was deposited on a Pt substrate using 
vinyltrimethylsilane(VTMS, SiC5Hi2) and O2 in the direct plasma apparatus 
shown in FIG. lb. The flow ratio of 02ArrMS was varied in the range of 1 

30 to 13.3 during the film deposition. The pressure and temperature in the 
reactor were ImmHg and 30°C, respectively, and the applied plasma power, 
60W. The film so deposited was annealed under an Ar atmosphere at a 
temperature in the range of 300 to 500°C, to obtain a low dielectric constant 
fihn. ' ' ' 

35 As shown in FIG. 2, the respective carbon contents of the deposited 
film and the film annealed at 450°C become lower with the increasmg flow 
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ratio of OzP/TMS. FIG. 3 exhibits that the annealed fihn at 450°C has a 
dielectric constant ranging from 1.8 to 2.4, while the deposited fihn without 
the annealing has a dielectric constant ranging from 2.3 to 2.8. FIGS. 4 and 
5 show the changes in the dielectric constant of the film obtained in Example 
5 1 with the changes in the annealing temperature and annealing time at the 
OiAHTMS flow ratio of 2, respectively. 

Comparative Example 1 

The procedure of Example 1 was repeated using tetramethylsilane(4MS, 
10 SiC4Hi2) in place ofVTMS, to obtain a deposited fihn. As shown in FIG. 3, 
the fihn thus obtained has a dielectric constant ranging from 3.0 to 3.5, 
wliich is higher than that of the deposited fihn obtained in Example 1 . 

Example 2 

15 Except that a mixture of tetramefliylsilane(4MS, SiC4Hi2) and C2F4 
(1:1) was used instead of VTMS, the procedure of Example 1 was repeated to 
obtain a deposited fihn, which was subsequently annealed. 

FIG. 6 and FIG. 7 show the carbon contents and dielectric constants of 
the deposited fihn and the annealed fihn, respectively. The deposited film 

20 has a dielectric constant of 3.0 or below, and the fihn annealed at 450°C has 
a dielectric constant of 2.5 or below. FIG. 8 and FIG. 9 show the effects of 
the annealing temperature (annealing time=0.5hr) and annealing time 
(annealmg ten5)erature=400'C) at the 02/(4MS-K::2F4) flow ratio of 4 on the 
dielectric constant of the film, respectively. The fihn annealed at 300 to 

25 500**C for 0.5 hr has a dielectric constant of 2.75 or below. 

Examples 

The procedure of Example 1 was repeated usmg 
tetravinyltetramethylcyclotetrasiloxane(TVTMCTSO, Si404Ci2H24) in place of 
3 0 VTMS, to obtain a deposited fihn, which was subsequently annealed. 

FIG. 10 and FIG. 1 1 show the carbon contents and dielectric constants 
of &e deposited fihn and the annealed fihn, respectively. The deposited 
fihn has a dielectric constant of 2.4 or below, and the fihn annealed at 450°C, 
a dielectric constant of 2.2 or below. FIG. 12 and FIG. 1 3 show the effects 
35 of the anneaUng temperature (annealing time=0.5hr) and annealing time 
(anneahng temperature=450°C) at the Q2/TVTMCTSO flow ratio of 4 on the 
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dielectric constant of the jfilm, respectively. The film annealed at 300 to 
500°C for 0.5 hr has a dielectric constant of 2. 1 or below. 

Comparative Example 2 

5 The procedure of Example 1 was repeated using 
tetramethylcyclotetrasiloxane(TMCTSO, Si404C4Hi6) in place of VTMS, to 
obtain a deposited film. As shown in HG. 11, lUe film thus obtained had a 
dielectric constant ranging from 2.5 to 3.3, which is higher than that of the 
deposited film obtained in Example 3. 

10 

Example 4 

Except that a mixtwe of tetrametfaylcyclotetrasiloxane(TMCTSO, 
Si404C4Hi6) and C2H4 (1:1) was used instead of VTMS, the procedure of 
Example 1 was repeated to obtain a deposited film, which was subsequently 
15 annealed. 

HG. 14 and FIG. 15 dqpict the carbon contents and dielectric constants 
of tiie deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 2.3 or below, and the film annealed at 450°C 
has a dielectric constant of 2.2 or below. FIG. 16 and FIG. 17 show the 
20 effects of the annealing tenq>erature (annealing time=0.5hr) and annealing 
time (annealing temperatureF400*'C) at the (rMCTSCH-C2H4) flow ratio of 2 
on the dielectric constant of the film, respectively. The film annealed at 
300 to 500<^C for 0.5 hr has a dielectric constant of 2.05 or below. 

25 Examples 

The procedure of Example 1 was repeated using diallyldimelfaylsilane 
(DADMS, SiC8Hi6) in place of VTMS, to obtain a deposited film, ^v^ch was 
subsequently annealed. 

FIG. 18 and FIG. 19 show the carbon contents and dielectric constants 

30 of the deposited film and the annealed fihn, respectively. The deposited 
film has a dielectric constant of 2.8 or below, and the film annealed at 450°C, 
a dielectric constant of 2.4 or below. FIG. 20 and FIG. 21 show the effects 
of the annealing temperature (annealing time=0.5hr) and annealing time 
(annealing temperature=450°C) at the O2/DADMS flow ratio of 4 on the 

35 dielectric constant of the fihn, respectively. The film annealed at 300 to 
500°C for 0.5 hr has a dielectric constant of 2.35 or below. 
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Example 6 

Except that l,3-divinyltetramethyldMoxane(DVTMDSO, Si20C8Hi8) 
was used in place of VTMS, the procedure of Exan^le 1 was repeated to 
5 obtain a deposited fihn, which was subsequently annealed. 

FIG. 22 and FIG. 23 show the caibon contents and dielectric constants 
of the deposited fihn and the annealed fihn, respectively. The deposited 
fihn has a dielectric constant of 2.9 or below, and the fihn annealed at 450°C 
has a dielectric constant of 2.4 or below. FIG. 24 and FIG. 25 show the 
10 effects of the anneahng temperature (annealing tmie=0.5hr) and annealmg 
time (annealing temperature=500°C) at the Oa/DVIMDSO flow ratio of 2 on 
the dielectric constant ofthe fihn, respectively. The fihn annealed at 300 to 
500*»C for 0.5 hr has a dielectric constant of 2.15 or below. 

15 Example? 

The procedure of Example 1 was r^eated usmg vinyltrimethoxysilane 
(VTMOS, SiOjCyHiz) m place of VTMS, to obtain a deposited fihn, yjMch 
was subsequently annealed. 

FIG. 26 and FIG. 27 show the caibon contaits and dielectric constants 
20 of the deposited fihn and the annealed fihn, respectively. The deposited 
fihn has a dielectric constant in tiie range of 22 to 2.75, and the fihn 
annealed at 450°C has a dielectric constant m the range of 1 .9 to 2.55. FIG. 
28 and FIG. 29 show the effects of the annealing temperature (anneahng 
time=0.5hr) and annealing time (anneahng temperature=450°C) at the 
25 OaAOMOS flow ratio of2 on the dielectric constant oflhe fihn, respectively. 
The fihn annealed at 300 to 500«C for 0.5 hr has a dielectric constant of 2.4 
or below. 

Example 8 

3 0 Exc^t that efeinyhrimethylsilane (ETMS, SiCjHio) was used in place 

of VTMS, the procedure of Example 1 was repeated to obtam a deposited 

fihn, which was subsequently annealed. 

FIG. 30 and FIG. 31 show the caibon contents and dielectric constants 

of the deposited fihn and the annealed fihn, respectively. The deposited 
35 fihn has a dielectric constant of 2.65 or below, and the fihn annealed at 

450<'C, a <Melectric constant of 2.35 or below. FIG. 32 and FIG. 33 show 
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the effects of the annealing temperature (annealing tiaie=0.5hr) and 
annealing time (annealing temperature=350°C) at the O2/ETMS flow ratio of 
4 on the dielectric constant of the film, respectively. The film mmealed at 
300 to 500°C for 0.5 hr has a dielectric constant of 2.35 or below. 

5 

£xample 9 

The procedure of Example 1 was repeated using a mixture of 
hexamethyldisiloxane(HMDSO, SiaOCeHw) and C2H4 (1:2) in place of VTMS, 
to obtain a deposited film, which was subsequently annealed. 

10 FIG. 34 and FIG. 35 show the carbon contents and dielectric constants 
of the deposited film and the annealed film, respectively. The deposited 
film has a dielectric constant of 3.0 or below, and the film annealed at 450°C, 
a dielectric constant of 2.05 or below. FIG. 36 and FIG. 37 show the 
effects of the annealing tenq)erature (annealing timeN).5hr) and annealing 

15 tone (annealing tenq)erature=450°C) at the 02/(HMDSCH-C2H4) flow ratio of 
4 on the dielectric constant of the film, respectively. The film annealed at 
300 to 500°C for 0.5 hr has a dielectric constant rangmg from 1 .7 to 1 .9. 

As can be seen fiiom the above results, the low dielectric constant 
SiCOH film prepared by conducting CVD using an Oz-containiog gas plasma 

2 0 and an unsaturated organosiUcon or cnrganosilicate cono^und, or a mixture of a 
saturated or^osilicon or organosilicate conq)ound and an unsaturated 
hydrocarbon in accordance with the present invention has a dielectric constant 
of 2.6 or below, which is exceptionally lower tiian conventional low 
k-materials. 

25 While the subject invention have been desoibed and illustrated with 
respect to the preferred embodiments only, various changes and modifications 
may be made therein without departing from Ifae essential concept of the 
present invention which should be limited only by the scope of the appended 
claims. 
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What is claimed is: 



1. A method for prqiaring a low dielectric constant hydrogenated 
sihcon-oxycaihide (SiCO:H) fflm which comprises conducting chemical v^r 
5 deposition using, togetiier with an Oz-containing gas plasma, an oiganosihcon 
or organosihcate compound having at least one vinyl or ethinyl group, or a 
mixture of a saturated organosiUcon or organosihcate conqwund and an 
unsaturated hydrocarbon. 

10 2. "Ilie method ofclaiml,wherdn the mixture ofa saturated oiganosihcon 
or organosihcate con5)ound and an unsaturated hydrocarbon has a mixing ratio 
ranging from 1:0.1 to 1:10. 

3. The method of claim 1, wherem the organosihcon or organosihcate 
15 compound having at least one vinyl or ethinyl groiq) is selected fiom (he groiq) 

consisting of vinyltrimethylsilane, vinyltriethylsilane, vinyhrimethoxylsilane 
vinyltriethoxylsilane, 13.5-trivmyl-l,3,5-trimethylcyclotrisiloxane.' 
l,3,5,7-tetravinyl-l,3,5,7-tetramethylcyclotetiasiloxane, 
U-divmyltetiamethyldisiloxane, hexavinyldisiloxane. aUyldhnethylsilane, 
20 allyldunethoxysilane, ethinyltrimethylsilane, ethmyltriethylsilane and a 
mixture thereof. 

4. The method of claun 3, whec&n the oiganosiUcon or organosihcate 
ooapomd having at least one vinyl or ethinyl group is selected fiom the groiq) 

25 consistmg of vinyltrimethylsilane, 

l,3,5,7-tetravinyl-l,3,5,7-tetramelh)dcycIotetrasiIoxaue, aflyldmietfaylsilane, 
1,3-divmyltetramethyldisiloxane, vmyltrimethoxylsilane and 

ethinyltrimethylsilane; 

30 5. The method of claun 1, wherein the saturated oiganosihcon or 
organosihcate compound is selected ftom tiie groiq) consisting of 
trimethylsilane, triethylsilane, trimefhoxysilane, triethoxysilane, 
tetramethylsilane, tetraethylsilane, tetramethoxysilane, tetraethoxysilane,' 
hexamethylcyclotrisiloxane, tetramethylcyclotetrasiloxane,' 

35 tetraethylcyclotettasiloxane, octamethylcyclotetiBsiloxane, 
hexamethyldisiloxane, bistrimethylsilyhnethane, vmyltrimethylsilane, 
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vinyltriethylsilane, vinyltrimethoxylsilane, vinyltrietJioxylsilane, 
13,5-trivinyl-13j5-trimethylcyclotrisiloxane, 
13,5J-tetravmyl-l,3,5,7-tetrainethylcyclotetrasiloxane, 
1,3-divinyltetramethyldisiloxane, hexavinyldisiloxane, allyldimethylsilane, 
5 allyldimethoxysilane, ethinyltrimethylsilane, ethinyltriethylsilane and a 
mixture thereof. 

6. The method of claim 5, wherein the saturated organosilicon or 
organosilicate compound is selected fiom the group consisting of 

10 tetramelhylsilane, hexamethyldisiloxane and tetramelhylcyclotetrasiloxane. 

7. The method of claim 1 , wherein the unsaturated hydrocarbon is selected 
from the groiq) consisting of H2C=CH2, F2OCF2, H20CaF2, HFC=CFH, 
F2C=OCF2, H2C=0=CF2, HFOOCFH, HC CH, FC CH, FC CF, 

15 Cl2C=CCl2, H2OCCI2, HCIOCCIH, a2C=OCa2, H20C=CCl2, 
HCIOOCCIH, CIC CH,C1C CXI, Br2C>CBr2, H2C=CBr2, HBrC=CBrH, 
Br200CBr2, H2C=C=CBr2, HBrOOCBrH, BrC CH, BrC CBr, 
I2C=CI2, H20=a2, HIOCIH, l20C=a2, H200=Cl2, HIC=C=CIH, 
IC CHandIC a. 

20 

8. The method of claim 7, wherein the unsaturated hydrocarbon is 
H20=CH2 or F2C=CF2. 

9. The me&od of claim 1, wherein the Qz-containing gas is selected &om 
25 the group consisting of O2, N2O, O3, H2O2, CO2, H2O and a mixture thereof 

10. The method of claim 1 furdier comprising the step of annealing the 
deposited film at a temperature ranging from 100 to 500°C for 0.5 to 8 hrs. 

30 11. A low dielectric constant hydrogenated silicon-ojq/'caibide (SiCO:H) 
film prepared by the method of claim 1 . 
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